The role of immunoglobulin structural genes in the generation of autoantibodies in humans has not been elucidated. Human monoclonal IgM anti-IgG autoantibodies (rheumatoid factors, RFs) from unrelated people often share idiotypic antigens. Antibodies against synthetic peptides have localized two of the shared idiotypic determinants to the second and third complementarity-determining regions of the K light chain. The reported sequences of several human RF light chains are remarkably homologous in these regions. Animal studies have shown that some shared idiotypic antigens represent serological markers for immunoglobulin variable (V)-region genes. Therefore, we hypothesized that human RF light chains derived from a single germ-line gene, designated V -(RF), or from a small family of very closely related genes. In the present experiments, we have isolated and sequenced two human VK germ-line genes that encode K light chains, which are identical or closely related to the light chains of human RF. The data indicate that the shared idiotypic antigens on RF are phenotypic markers for a K V-region gene that is highly conserved in the human population. The results also imply that the light chains of IgM anti-IgG autoantibodies can be encoded by germ-line genes without any somatic mutation.
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Immune responses are controlled by genes that encode histocompatibility antigens, T-cell receptors for antigens, and immunoglobulins. The inherited structural genes for immunoglobulin light and heavy chains dictate the potential antibody repertoire of any individual. However, immunoglobulin genes also undergo extensive rearrangements and somatic mutations during life (1, 2) . Both polymorphisms in inherited immunoglobulin genes as well as somatic changes may therefore influence the ability to form autoantibodies. To dissect the importance of the two factors, one must first isolate potential autoantibody structural genes in their germline configuration. This goal has proved difficult to accomplish in outbred human populations.
Idiotypes are antigens in the variable (V) portion of immunoglobulins (3, 4) . In many instances, idiotypic antigens have been localized at or near the antigen binding site. Immunoglobulins that share idiotypic determinants often are related structurally and may represent the protein products of identical or similar antibody V-region genes (5-8).
Kunkel and co-workers first demonstrated that several human monoclonal IgM anti-IgG autoantibodies (rheumatoid factors, RFs) from unrelated subjects shared idiotypic antigens (9) . A majority of these monoclonal RFs also had homologous sequences in the K light-chain V regions (10) (11) (12) (13) . Subsequent experiments with anti-peptide antibodies localized two of the shared idiotypic determinants, also termed cross-reactive idiotypes, to the second and third complementarity-determining regions of the K light chain. After an analysis of multiple RF light chains with a diverse series of anti-idiotypic reagents, we postulated that the cross-reactive idiotypes were markers for a single human K V-region gene (14) (15) (16) . This gene, designated VK(RF), was assigned a prototype sequence based on the most commonly occurring amino acid at each position in the V region of the idiotypepositive RF light chains (15) .
In the present experiments, we have isolated from a fetal liver library a portion of an unrearranged gene that encodes the VK(RF) sequence in the second and third complementarity-determining regions. These results show that the idiotypes on human RFs are indeed markers for a germ-line VK gene. The results further indicate that the light chains of IgM anti-IgG autoantibodies can be encoded by germ-line genes without any somatic mutation.
MATERIALS AND METHODS
Genomic Library, Probes, and Screening. The human genomic library was kindly provided by T. Maniatis (Harvard University), and was constructed by Hae III/Alu I partial digestion of fetal liver DNA, followed by ligation with EcoRI linkers and insertion into X Charon 4A (17) . A total of 106 clones from a secondary amplification was first screened with the human VK cDNA subclone NG9/3 (18, 19 (19) . DNA Sequencing. Initially, appropriate Sau3AI fragments were enriched from low-melting-point agarose gels and were ligated into M13mp8 according to standard methods (20, 21) . The clones containing the coding region sequences were identified by hybridization with NG9/3 and sequenced by the dideoxynucleotide chain-termination method of Sanger et al. (20) . Subsequently 
RESULTS
Identification and Isolation of Humkv3O5 and Humkv321. The amino acid sequence corresponding to the cDNA subclone NG9/3 differs from the prototype sequence of human RF light chains by three amino acids in the VK region (amino acid residues 1-95) (Fig. 1 ). All three different amino acids can be explained by single base changes. The NG9/3 cDNA was isolated from a light chain secreting humanmouse heterohybridoma with no known antibody specificity (23) . To ensure that the NG9/3 cDNA would identify all relevant germ-line V4 genes, library screening was done at low stringency in 2x SSC (lx SSC = 0.15 M NaCl/0.015 M sodium citrate, pH 7.0) at 650C, followed by washing in lx SSC at 650C.
Among 106 recombinant phage screened by this method, 98 positive clones were identified. Subsequently, one recombinant phage with a strong hybridization signal was subcloned into M13mp8 and sequenced. This clone, designated Humkv301, contained a pseudogene belonging to the K III subgroup (unpublished data).
Since immunoglobulin V-region genes are generally more heterogeneous in the flanking regions than in the coding regions, an Sau3AI fragment of Humkv301 (from position -96 to +799, including both the flanking regions and the whole coding region) was used to reprobe the original set of library screening blots. A total of 21 clones was identified among the 98 clones that hybridized with NG9/3. The 21 clones were classified into seven groups on the basis of Southern blot analyses with the NG9/3 probe. One clone from each group was subcloned into M13 and sequenced. Clones Humkv3O5 and Humkv321, from two groups, were most relevant to the postulated germ-line sequence of the monoclonal RF light chain (Fig. 1) .
Characterization of Humkv3O5 and Humkv321. The Sau3AI digest of both Humkv3O5 and Humkv321 clones yielded a band of =1 kilobase. These fragments were subcloned into M13mp8 for sequencing. Initially, clones with fragments inserted in both orientations were sequenced with the universal sequencing primer (GTAAAACGACGGC-CAGT) and with a primer (TGCAAAATCTTCAGGCT; FR3C) corresponding to the complementary strand of the third framework region of NG9/3. To sequence both strands completely, deletion clones ofthe Humkv3O5 were generated using either Pst I or HincII. In addition, clones containing the EcoRI fragment of Humkv321 in both orientations were prepared. These clones were sequenced with the universal sequencing primer and an additional primer (CAGGCTC- CTCATCCATG; FR2S) corresponding to the sense strand of the second framework region of the Humkv3O1 (Fig. 2) .
As illustrated in Fig. 1 , the 54 amino acids encoded by Humkv321 correspond exactly to the postulated sequence of the idiotype-positive monoclonal RF light chains from position 42 to 95. Fig. 3 shows the sequence of a 394-bp fragment, which contains 306 bp of the Humkv321 gene. The first 85 nucleotides match completely to nucleotides from positions 4302-4386 of the Escherichia coli lacZ gene (24) , which was inserted into the cloning vector for indicator function (25) . Thus, during generation of the library the Humkv321 gene was cut at an internal Hae III site (GGCC) (see the corresponding site in Humkv3O5 in Fig. 4) , and cloned into the EcoRI site of the phage vector.
Clone Humkv305 contains the appropriate consensus sequences for transcription and variable-joining region (V-J) rearrangement (22, 26) , and shares 92 of 96 amino acids with the proposed sequence of the idiotype-positive monoclonal RF light chains (Figs. 1 and 4) . It differs from the prototype at positions 9, 24, 42, and 50 (designated in Fig. 4 by lower-case letters). Each amino acid difference can be explained by a single base change. Importantly, two previously reported germ-line KIII light chain genes, Humkv3g and Humkv3h (22) , differ from this sequence by 10 and 13 amino acids, respectively (Fig. 1) . (15) . The cDNA NG9 was cloned and sequenced by Bentley (18) . The threonine at position 52 was changed to serine based on the corrected nucleotide sequence (GCA TCC, instead of GCT ACC, positions 154-159; P.P.C and D.A.C., unpublished data). The Humkv3g and Humkv3h are renamed from Vg and Vh, which were cloned and sequenced by Pech and Zachau (22) . -----------light-chain prototype sequence from position 42 to 95. This part of the gene includes two cross-reactive idiotypic determinants that were defined by antibodies against synthetic peptides corresponding to the second and third complementarity-determining regions (15, 16, 27) . Fig. 5 summarizes the reported amino acid sequences of nine idiotype-positive human RF light chains, as determined by Frangione, Capra, and their colleagues (11-13, 28, 29) . Notably, four of the light chains are identical to the proposed germ-line VK(RF) sequence. Taken together with the present data, the results strongly suggest that a K V-region germ-line gene can encode human RF light chains without any somatic mutation.
It seems likely that the isolated RF V1 gene, or closely related genes, are present in nearly all humans. Thus, every serum that we have tested contains some light chains that share idiotypic antigens with monoclonal RFs (30) (31) (32) . Furthermore, we recently generated multiple human B-cell hybridomas that share idiotypic antigens with RFs. All the idiotype-positive hybridomas contain rearranged V1 genes that are extremely homologous to the germ-line RF prototype sequence (R. D. Goldfien, S. Fong, J. G. Heitzmann, V.R., P.P.C., and D.A.C., unpublished data).
In addition to the germ-line V1 genes described here, we have recently cloned a rearranged V1 gene from a RFsecreting human B-cell neoplasm (33) . At least two monoclonal RFs from unrelated individuals have sequences closely related to this gene in the second and third complementaritydetermining regions (10) . These data suggest that a second 
sequences in the complementarity-determining regions of RF heavy chains (16) . Other studies have shown that some antibodies with idiotype-positive light chains do not bind human IgG (13, 30) . Collectively, these results suggest that only a selected group of heavy-chain genes can be used for RF synthesis. Hybridization studies indicate that the human germ line contains only 25-50V1 genes (18, 26, 34, 35) . Strong selective pressures must have operated to conserve the basic RF V1 sequence during the evolution and dispersion of the human species (36, 37) . Possibly, the V1(Rf)-encoded light chain, in combination with an appropriate heavy chain, generates an antibody against an important environmental pathogen. However, recent experiments indicate that normal humans and animals regularly synthesize IgM RFs during secondary immune responses (37) (38) (39) . By cross-linking immunoglobulin constant regions, the RFs magnify the complement-fixing effects of IgG antibodies against cell-surface antigens. The ability of RFs to promote the removal of opsonized bacteria and parasites may be the reason why this autoantibody has been maintained during evolution (40) .
Jerne postulated that the antibody repertoire is regulated internally by idiotype-antiidiotype interactions (41, 42) . Some RFs have been shown to recognize antigenic determinants in both the Fab and Fc fragments of the IgG molecule (43, 44) . Since both the variable and constant regions of immunoglobulins evolved from a common ancestor domain, they may share antigens in common. It is therefore conceivable that some antiidiotypes derive from the germ-lineencoded RFs through somatic mutation. This hypothesis, if substantiated, is another explanation for the conservation of the 'V(RF) genes in outbred human populations.
RFs that express the germ-line-encoded idiotypic antigens are especially common among Waldenstrom macroglobulins. The same idiotypic determinants are infrequently found (11, 13, 28, 29) . The proposed VK(RF) sequence (15) In summary, these experiments show that the crossreactive idiotypes on human RFs are phenotypic markers of a germ-line gene that is widespread in the normal human population. Furthermore, IgM anti-IgG autoantibody light chains can be encoded by germ-line genes without any somatic mutation.
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